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INTRODUCTION - Background

® Energy consumption is increasing rapidly
due to the growth of economy in China.

For the sustainable development, it is
necessary to make a program of energy
conservation strategies in conjunction with
realization of healthy and comfort indoor
environment.

However, there is little information of
indoor environment for examining the
effect of energy conservation strategies.




INTRODUCTION - Purposes of
this study

To make clear the actual conditions of
the indoor thermal environment and
energy consumption of urban
residential buildings in main cities of
China.

To estimate the possibility of energy
saving by thermal insulation, air-
tightness, and other strategies.
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CO, emission in the world (oosyear)
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Canada, 2% India, 5%

Russia, 6%
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- The Four countries constitute half of the world’s
CO, emission. China and Japan are the 2"d and 5t
highest CO, emissions country.

(Handbook of energy & economic statistics in Japan, 2009 , The Institute in Energy Economics, Japan) 6




International comparison of
CO, emission per person in 2005 year
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(Handbook of energy & economic statistics in Japan, 2009 , The Institute in Energy Economics, Japan) 7/




Annual energy consumption for end use

B Commercial & resiidential
buildings, Agriculture,

Others _
Transportation

M Industry
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(Handbook of energy & economic statistics in Japan, 2009 , The Institute in Energy Economics, Japan) 8
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Residential energy use per capita in
urban and rural area (2003)

l Coal
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Energy consumption per household of residential buildings
(GJ/household-year)

(H.Nakagami; Study on Residential Energy Consumption in Asian Countries, AI1J2008) 10




Residential energy comparison
In main countries
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Location of the cities investigated

GB 50176-93 Standard of climate
regionalization for architecture

Very Cold Zone

Hot Summer &
Cold Winter

oderate Zone

Hot Summer&

Kunming




Methods for investigation

1) |Questionnaire approach

Questionnaire and liquid crystal thermometer
were distributed to 36 - 120 families in each city.

D

Questionnaire Liquid crystal thermometer




1) Questionnaire approach

Disrtribution of the questionnaires

Qu{stionnaire and liquid crystal thermometer were

distributed to the families arranged by the local
researchers.

Harbin, Urumgi, Xi'an, Changsha, mep  University
Chongging, Kunming

High school (Winter)

Beijin I —
JiNg University (Summer)

=mp Primary and high school (Winter)
University (Summer)

Hong Kong n==p  Unjversity and high school

Shanghai




1) Questionnaire approach

ontents of the questionnaire

Building characteristics

Construction year, Structure, Floor areas,
Windows, Condition of balcony

Housing equipments

Heating & cooling system, Ventilation system,
Equipment of hot-water supply

Residential characteristics

Number of occupants, Income

Life styles

Heating & cooling period, Heating & cooling time,
Garment insulation value

Satisfaction ratings

satisfaction of thermal comfort and residential environment

Energy consumption

Monthly consumptions of gas and electricity

Indoor thermal environment

Temperature in the morning, daytime and evening




Methods for investigation

2) Field Measurement approach

Indoor temperature and humidity were
measured by small data loggers with sensors,
which were set up in living room and bedroom
for a week in 3 - 12 families in each city.

The selected
E=INES

The families
questionnaires were distributed




Indoor measurement settings
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Ratio of heating system operating

in a day
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Temperature distribution of living room,

bedroom and outdoor

Morning (6:00-8:00)
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An example of the time variation of

temperature and humidity (Beijing)
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An example of the time variation of

temperature and humidity (Changsha)

Relative Humidity (%)
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An example of the time variation of

temperature and humidity (Chongqging)
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Correlation between indoor and outdoor
temperature (evening hours, 18:00-22:00)
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Thermal comfort of each city

(evening hours, 18:00-22:00, Living room)
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Temperature distribution of living room,

bedroom and outdoor

Morning (6:00-8:00)
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An example of the time variation of

temperature and humidity (Harbin)
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An example of the time variation of

temperature and humidity (Beijing)

®©
O
|

Relative Humidity (%)
(@)}
)
|

Absolute Humidity
(g/kg’)

6\ : : Living room

T 354 I Bed room —
o : 5 : —— . Outdoor

= : -
3 30

=

g 254 —
5 20- =
=

1 T | v | | 1T | v | | LI v
8/21 8/22 8/23 8/24 8/25




An example of the time variation of
temperature and humidity (Shanghai)
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Thermal comfort of each city

(evening hours, 18:00-22:00, Living room)
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Location of the cities investigated

50176-93 Standard of climate
gionalization for architecture

Very Cold Zone

Hot Summer &
Cold Winter

(50 houses)




Monthly energy consumption and
outdoor temperature in 7 cities
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Energy consumption and end use
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Residential energy comparison
In main countries
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(Nakagami et al.,2006) 39




Measurement methods
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Electricity distribution system and location
of meters for an apartment
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The yearly Energy Consumption of the 12 Houses
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Shanghai 01 (18 bec. 2006 ~ 20 Dec. 2007)

utdoor

L/V/ng room
/" uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

S
[C 1

Cooling

Cooking & Hot | | m. u
water supply Audio visual &

Information

Other ' ' Lighting

p—
(-}

Temperature

=

)
-
=~
=
=
S
=)
=
=
5]
=
S
O
>
en
—
o)
=
88

—
o

; \
-"l'l.llbq' -"'# I-.l,l.y,.l Sy a .*JLWM.’AJ_HJ.'.%"-W-‘!“'_IW-“

De(:.l Jan I Feb.I Mar.I Apr. I May.I Jun.l July.I Aug.I Sep.II‘ O(:t.I Nov.I Dec.
2006 2007




Shanghai 01 (Coldest days)

W
@)

L/V/ng-ro/or

% 4 1 W
. A [k 7\

Qutdoor

I
Cooking &
Others er Applianc Audio|visual &
Informat\lon

N
@)

—_
o

|
o

Temperature [C]

4
o

0.5 -

>
(0
A
~~
-
=,
c
9
e
Q.
&
>
90
c
O
@)
>
(@)
S
()
c
LLI

0:00 12:00 0:00 12:00 0:00 12:00 0:00

| 1/6(Sat).2007 | 1/7(Sun).2007 | 1/8(Mon).2007 | 44
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Beijing 07 (01 Jan. 2008 ~ 31 Dec. 2008)
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Features

>Te living room is noton a
center of the house.

>Use the balcony as outdoors.
»>The brick is used for the wall.

Model apartment for the calculation

@ w, W,

Kitchen

Children’s
room

D,

Toilet D,

D,

Bedroom Living room

Balcony

Floor Plan of the model house
RC-Brick Mixed structure,
Floor : 87.2m?



Conditions for the calculation

Cities for calculation:

Beijing,

Shanghai

Intermediate floor,
Location Between adjacent
apartment units
Direction South
Material of wall Brick
370 mm
Beijing >
Thickness of U=1.23 W/m *K
outer wall 240
Shanghai - >
U=1.65 W/m™*K
Thlckness of 240 mm
mner wall
Double
Beljing glazing
Window '
Shanghai Slngle
glazing

Air-conditioning schedule -Beijing-

Heating : 11/9 3/17
I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 1|8 1 1 I 1 1 2i4

Living room

Children's roo

Cooling : 7/ %5 ~ 8/15 ]

1
Living room 26°C

Bedroom

Air-conditioning schedule -Shanghai-
Heating : 1265 3/5

6 12 18 24
11 11 11 11 11 11 11 I 11
Living room 18°C
Bedroom 18°C
LI} I LI | LI} LI} LI} LI
Cooling : 7/5 ~ 9/5
6 12 18 24
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Living room 20°C 26°C
. .
Bedroom | 26°C 26°C 26°C




Annual air conditioning load in main cities
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Insulation (Beijing)
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B In China, the level of the living standard is increasing due
to the economical development. Taking into account the
huge population, the effect of the increase in energy
—consumption is estimated extremely to be large impact on
global warming.

B For the space heating, in cold climate region, thermal
insulation is a fundamental strategy for energy saving.

Charging system of heat supply in buildings with central
heating system is very important as well.

BIn mild climate region, indoor thermal comfort is not
enough. It is expect that the space heating energy will
increase in near future. Thermal insulation is necessary to
prevent the increase of space heating energy use.

BEnergy use for space cooling is rapidly increasing in all of
China. Passive cooling strategy is strongly recommended.




Proposals for promotion of building
energy conservation

By The Center for Building Energy Conservation,

Ministry of Construction P.R., China

B Establishment of standards and regulations for energy
conservation

B Establishment of energy management system

B Establishment of governmental fund and economical
policy for energy conservation

B Establishment of rational charging system of heat
supply

B Evaluation system for energy saving technologies and
products (Exp. GOBAS)
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